INTRODUCTION
Small passerine birds wintering in cold regions of temperate zones undergo seasonal acclimatization which facilitates maintenance of thermoregulatory homeostasis under winter conditions. Insulatory adjustments assist in winter improvement of cold tolerance in some passerines, but it appears that acclimatization is primarily metabolic in those birds inhabiting regions with relatively harsh winters (Pohl and West 1973 , Dawson and Carey 1976 , Dawson et al. 1983a ). The primary feature of metabolic acclimatization in these birds is an enhanced ability to maintain greatly elevated metabolism to support shivering thermogenesis ( . However, the small size and high energy requirements of many passerines might require seasonal cold adjustments in species inhabiting less stressful temperate regions (Dawson et al. 1983a ). Geographic variation in cold tolerance associated with severity of winter climate has been demonstrated for some passerines (Blem 1973 , Dawson et al. 1983a ). Perhaps the relative roles of metabolic and insulative contributions to acclimatization also vary with climate. Characterization of metabolic and insulatory contributions to seasonal acclimatization in birds inhabiting regions with relatively mild winters will demonstrate the ubiquity of the acclimatization pattern documented for passerines wintering in harsh climates. The present study was undertaken to determine patterns of metabolic and insulatory cold-acclimatization in Darkeyed Juncos (Junco hyemalis) which inhabit (Swanson 1990 ). These rates yielded changes in 0, content between influx and efflux air of 0.3 to 0.5%, and maintained 0, content of dry, CO,-free efflux air above 20.3%. Temperature within the metabolic chamber was controlled by immersion of the chamber into a water/ethylene glycol bath capable of regulating temperature within ?0.5"C. Chamber temperature was monitored continuously with a thermocouple thermometer.
Individual birds were exposed to a series of decreasing temperatures beginning with 30 f 1.2"C. After equilibration, Vo, at 30°C was measured for 1 hr. Chamber temperature was then decreased until the desired test temperature was attained. Approximately 15 min equilibration was allowed at each new test temperature before Vo2 measurements were initiated. Vo, at each test temperature below 30°C was measured for 45 min. This procedure was continued until Vo, measurement at the lowest T, desired was completed, at which time the bird was removed from the chamber and weighed. Vo, of individual birds was measured at a maximum of four test temperatures. Total time for metabolic tests was approximately 5.5 hr. Mass loss over the experi- The * indicates P < 0.0 1, ** indicates P < 0.00 1. Sex ratios (l&P), determined by plumage, were 3:2 in summer and 3:3 in winter for total body lipid, 2:2 in summer and 3:3 in winter for lean dry mass, and 7:7 in summer and 8:6 in winter for plumage mass. 
Measurement

BODY TEMPERATURE
Cloaca1 temperature (T,,) showed a weak dependence on T, at both seasons during the day and during winter nights. For summer nights, T, was independent of T, over the range of T,s tested (Fig. 1) . The only significant seasonal differences in T, occurred at 5°C and 15°C T, during winter days and at 30°C T, during winter nights, where mean values were significantly elevated over summer values (Table 2) Below thermoneutrality, the relationship between mass-specific Vo, (ml O,.g-' .hr-' ) and ambient temperature (Fig. 2) Dawson et al. 1985) . LCT at both seasons was within 3°C of predicted values based on body mass (Weathers and van Riper 1982). However, lower critical temperature in winter may be artificially high due to nonconformity with Newtonian cooling. A forced fit of the data for winter-acclimatized juncos below thermoneutrality, so that the regression line passes through a point at zero metabolism corresponding to T,, decreases lower critical temperature from 25.8"C to 2O.l"C (Fig. 2) . This is essentially the same as the summer value of 2 1.8%. The slope of the line relating metabolic rate to ambient temperature below thermoneutrality was significantly steeper in summer. These slopes suggest slightly better insulation in winter, probably as a result of increased plumage mass, although changes in coat properties may also be involved (Walsberg et al. 1978 , Walsberg and Schmidt 1989 , Walsberg 1990 ).
The slope for the data from winter-acclimatized juncos does not conform to Newtonian cooling, indicating modulation of thermal conductance at temperatures below thermoneutrality. This pattern of nonconformity to Newtonian cooling has been noted in other passerines (West 1972, Dawson and Carey 1976) . The slope for the data below thermoneutrality for summer-acclimatized juncos does conform to Newtonian predictions, suggesting an inability to modify conductance below thermoneutrality in summer birds. This implies that the ability to modify conductance below thermoneutrality, presumably through vasomotor changes and/or changes in T,, although plumage or postural adjustments might also be involved, is a component of winteracclimatization in juncos. This response provides additional energy conservation in winter birds at environmentally relevant temperatures.
Seasonal variation in insulation in passerines is not necessarily coincident with seasonal changes in cold tolerance (Hart 1962, Dawson and Carey 1976) . Furthermore, increased insulation in winter juncos studied here did not obviate the requirement for elevation of metabolic rate to offset heat loss at lower winter temperatures. For example, the mean daily temperature for Corvallis is 4°C in January and 19°C in July/August (Oregon State University Climatic Research Institute). Rough estimates of thermoregulatory costs (disregarding convective and radiative effects and the substitution of heat produced as a by-product of physical activity for thermostatic costs) were derived by incorporation of these ambient temperatures into equations for iTo, below thermoneutrality, assuming a caloric equivalent of 20.1 kJ/l 0, (Lasiewski and Dawson 1967). Estimated thermoregulatory costs above basal levels were 29.3 W/day in January and 6.7 kJ/ day in July/August. Thus, estimated thermoregulatory costs are 4.4 times greater in winter than in summer. This demonstrates the primary importance of metabolic adjustments to seasonal acclimatization in the Dark-eyed Junco.
Overall, acclimatization in jtmcos from westem Oregon appears primarily physiological, consisting of a capacity for maintenance of elevated metabolic rates in response to prolonged ambient cold. Insulation is increased in winter and heat conservation is further enhanced in winter-acclimatized juncos by an ability to decrease thermal conductance with decreasing T,. However, improved capacity for heat conservation does not obviate the requirement for increased metabolic rates, even at moderate temperatures. This condition is similar to winter-acclimatization in passerines from more severe winter environments (Pohl and West 1973 
